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Abstract
Wireless Access Point (WAP) has becomes popular in the development of wireless network technology.
With the increasing demand of installation home and office wireless networking has triggered many WAP
vendor to improving the quality of their products. This paper proposed of signal strength measurement
over various WAP products depends on test environment using two network analysis software, such as
Netstumbler and WiFi Hopper. Three primary types of test environments are Indoor Area, Outdoor Area,
and Faraday Cages. We tried to find out a perfect WAP product for the wireless test parameters, such as
signal strength and radiation pattern depends on test environments. keywords : Wireless Networks, Signal
Strength, WAP
1 Introduction
The wireless network technology has experienced
a tremendous success and the market is rapidly
growing. Wireless Local Area Networks (WLAN)
technology (IEEE 802.11x) is in widespread and
increasing use e.g. for large enterprises, hot-spot,
and home networks [1]. One of the main compo-
nents to established a wireless networks is Wire-
less Access Point (WAP). WAP is a wireless router
or bridge that having a function for transmitting
the data that was connected with the WLAN net-
work. One important issue in the implementation
of a WLAN is the coverage area and the range of
wireless signal depends on selection of WAP com-
ponent. The range of a WAP is affected by various
factors such as the transmitting power of the WAP,
length of antenna used, and the gain and directiv-
ity of the antennas [6]. The state-of-the-art in this
field is adequate interesting. There are several pa-
pers that mention and discuss this issue. In [10],
the author was tested the wireless router (Linksys
WRT 110) signal in order to get distribution pat-
tern of signal, farthest distance that can be achieved
by a WAP in the real situation, and the maximum
clients that can be maintained in network. In this
paper, the measuring of signal was carried out in
parking area with diameter of coverage about 100
meters. In [2], the author was made a compar-
ative analysis of signal strength between 802.11g
and 802.11n wireless router (Linksys WRT 54GC
and Linksys Wireless-N). The analysis obtained by
considers testing environment such as outdoor and
indoor. In [3], the paper mainly focuses on the esti-
mating of signal strength in indoor environment.
This paper explained procedures of proper WAP
placement in order to provide adequate signal cov-
erage and to minimize co-channel coverage over-
lap. In this paper, we presented a measurement
study of signal strength over two different WAP.
There are three test environments scheme, such as
Indoor Area, Outdoor Area, and Faraday Cages. In
order to get results more accurately, two different
laptop with WLAN mini PCI card was used. And
network analysis tools like Netstumbler and WiFi
Hopper were used to measure the receive WAP sig-
nal. The aim of this research was to find out the
quality of power strength and the radiation pattern
over two different WAP depends on three test envi-
ronments scheme. Concludes with choosing of the
WAP product as the best results.
2 Methodology
2.1 Literature Review
Wireless networking is a technology that enables
the cabling that connects each computer to the net-
work to be replaced by a specially coded wireless
signal. There is a number of different wireless
standards are available. These standards were es-
tablished by the IEEE (Institution of Electrical and
Electronic Engineers) and are commonly called the
802.11x standards, as there are presently three dif-
ferent ones in use: 802.11a, 802.11b and 802.11g.
The differences are categorized by how fast data
can be transmitted between devices, how far they
can be apart, what radio frequency they use and
whether they will work with the other standards
[6]. The table below shows the basic differences
between the standards.
Table 1: Table 1. IEEE 802.11X Standards[6]
As a comparison, the data sheet from two WAP
vendor was provided. Table II shown the specifi-
cation of TP-Link WR340G and table III shown the
specification of D-Link DIR-600.
Table 2: The specification of D-LINK DIR-600
[9]Standards
IEEE 802.11n
IEEE 802.11g
Standards IEEE 802.11b
IEEE 802.3
IEEE 802.3u
IEEE 802.3x
150Mbps 54Mbps
48Mbps 36Mbps
24Mbps 18Mbps
Wireless Signal Rate 12Mbps 11Mbps
9Mbps 6Mbps
5.5Mbps 2Mbps
1Mbps
Wireless Transmit Power 11b:17dBm(Max)
11g:16dBm(Max)
(AVG Power) 11n:14dBm(Max)
External Antenna Type Detachable Dipole
Antenna (Reverse
SMA Plug)
Gain of antenna 2 dBi
Wireless Operating Range2 Indoors - up to 328
ft. (100 meters)
Outdoors- up to
1312 ft. (400
meters)
2.2 Measurement Setup
The methodology that used in this paper is based
on a comparative study, which the execution of this
research is to obtain the data according to directly
(primary data) which is the data is processed to
compare a variable between different subjects. The
location of the research were carried out on two
places, there is : indoor (Al-Azhar Mosque, Kali-
malang) and outdoor (Parking Area of Campus). A
data variable of the signal strength from each WAP
will be determine using two network analysis soft-
ware, such as Netstumbler 4.0 and WiFi Hopper.
This program was selected because of its easy of
use and installation, the program runs on the Win-
dows platform. Netstumbler software can be use
to viewed channels, SSIDs and the filter from the
detected network. There can be found an indi-
cator colors like green, yellow and red who func-
tioned describe the quality of the network. SNR of
each network also can be seen every minute during
the Netstumbler enabled. Meanwhile on the WiFi
Hopper software, not much different from the Net-
stumbler where at this software can be see SNR,
frequency and other parameters. For comparison
study, two types of WAP was used in this research,
there is D-Link DIR-600 and TP-Link WR340G. Both
of this WAP were compatible with 802.11b/g/n
standards. The tools that were used for data collec-
tion includes hardware and software. Two differ-
ent laptop (Axioo Zetta notebook and Acer Aspire
One netbook) running on the Microsoft Windows
XP operating system was utilized. And two soft-
wares, such as Netstumbler 4.0 and WiFi Hopper
was used to determine the receive signal strength
of each WAP.
Table 3: The specification of TP-LINK WR340G[10]
Standards IEEE 802.11g
EEE 802.11b
150Mbps 54Mbps
48Mbps 36Mbps
24Mbps 18Mbps
Wireless Signal Rates 12Mbps 11Mbps
9Mbps 6Mbps
5.5Mbps 2Mbps
1Mbps
Wireless Transmit Power
(AVG Power)
17 dBm
External Antenna Type swivel Omni Directional
Antenna (Integrated)
Gain of antenna 3 dBi
Wireless Operating Range2 Indoors - up to 200 me-
ters
Outdoors- up to 830 me-
ters
2.3 Algorithm of Data Collection
Several parameters depends on test environment
that measured in this research includes the follow-
ing:
Table 4: Signal Strength and Distance Values for Different Wireless Router on Indoor Area
Wireless Router Type Network Analysis Type Laptop Type
Laptop I Laptop II
Lowest Signal
Strength (dBm)
Maximum
Distance (m)
Lowest Signal
Strength (dBm)
Maximum
Distance (m)
D-Link DIR-600 Netstumbler -78,5 40,85 -80,5 42,51
WiFi Hopper -78,5 40,85 -80,5 42,51
TP-Link WR340G Netstumbler -81,5 49,9 -83 49,65
WiFi Hopper -81,5 49,9 -83 49,65
1. Effect of the Indoor Area on WAP Signal
Strength.
2. Effect of the Outdoor Area on WAP Signal
Strength. 3
3. Effect of the Faraday Cage on WAP Signal
Strength.
From three test environments scheme, we tried to
find out the quality of power strength and the radi-
ation pattern over two different WAP. To observed
the signal strength of two WAP, different laptop
were used respectively. The Axioo Zetta Notebook
act as Laptop I, while the Acer Aspire One act as
Laptop II. The connection between WAP and the
observer were established by pinging some packet
data to the WAP IP address. And the observer move
away from located of the WAP until the connection
between WAP and the observer was terminated.
This distance was choosen as a maximum distance
of WAP signal that can maintained connection be-
tween location of the WAP and the observer.
Furthermore, the radiation pattern of each WAP
can be achieved by place the WAP stationary while
the observer was rotated around the axis at a fixed
distance of 5 metres. The measurement was taken
with increment every 30 degrees between WAP
and observer. This work was made for two dif-
ferent WAP respectively. After calculate the sig-
nal strength, SNR and the distance from each ex-
periment will be known the influence of each pa-
rameter on the radiation pattern and the quality
of power strength of each WAP. From here can be
known the location and parameters influence the
performance of a WAP. A network can be arranged
so that all the desired area can be covered with a
minimum SNR.
3 Result and Analysis
This section provides the result of our research and
briefly discussion for each data collection. In the
following discussion we will divide the result into
three test environments.
3.1 Indoor Area
The Indoor Area measurements were taken in a
large hall (Al-Azhar Mosque, Kalimalang) since it
was a conveniently placed for acquired the data.
There are no obstacles in this area except enclosed
with concrete wall. As the result of data collected
is shown in table IV.
Figures in the table above represent the aver-
age results from each experiment From the table
IV was shown the maximum distance of wireless
router signal that can be maintain the connection
between the WAP and the observer. The lowest
of signal strength means when the signal strength
stated the maximum distance between WAP and
observer. As a comparison with the result of the
research and the specification of wireless router, in
table II, the maximum distance of indoor environ-
ment of the TP-LINK WR340G is known about 200
meters and in the result of our research has avarage
value about 50 meters. While, the D-Link DIR-600
has maximum distance about 100 metres as shown
in table III and compared with the result of research
has average value about 42 metres.
Therefore, we can analyze the maximum dis-
tance of the wireless router specification can not be
fullfilled in the real situation. Both of this wireless
router exhibit a lower distance compared with the
ones given in spesification table. However, the TP-
Link WR340G has a superior signal strength com-
pared with D-Link DIR-600.
3.2 Outdoor Area
The measurements were taken in the parking area
of Campus without obstacles. We anayzed us-
ing the netstumbler software to ensure the are is
free from other access point signal.The wireless
router was stationary,while the observer was ro-
tated around the wireless router at a fixed distance
of 5 meters in order to measure the signal strength.
There are three different conditions, such as the an-
tenna of WAP with vertical direction, the antenna of
WAP with horizontal direction, and by adding some
bricks with a thickness of 6 centimeters surround-
ing the WAP.
Table 5: Signal Strength and Distance Values for Different Wireless Router on Outdoor Area
Wireless Router Type Network Analysis Type Laptop Type
Laptop I Laptop II
Lowest Signal
Strength (dBm)
Maximum
Distance (m)
Lowest Signal
Strength (dBm)
Maximum
Distance (m)
D-Link DIR-600 Netstumbler -82 75,3 -84 80,50
WiFi Hopper -82 75,3 -84 80,50
TP-Link WR340G Netstumbler -83,5 79,95 -83,5 85,50
WiFi Hopper -83,5 79,95 -83,5 85,50
Table 6: Signal Strength and Distance Values for Different Wireless Router on Faraday Cage Environment
Wireless Router Type Network Analysis Type Laptop Type
Laptop I Laptop II
Lowest Signal
Strength (dBm)
Maximum
Distance (m)
Lowest Signal
Strength (dBm)
Maximum
Distance (m)
D-Link DIR-600 Netstumbler -88 21,9 -92 18
WiFi Hopper -88 21,9 -92 18
TP-Link WR340G Netstumbler -77 27 -87 26,8
WiFi Hopper -77 27 -87 26,8
Figure 1: Radiation pattern of two WAP with, (a)
Vertical direction antenna, (b) Horizontal direction
antenna, and (c) bricks obstruction.) It can be seen
from figure 1 that there is plotted
It can be seen from figure 1 that there is plot-
ted the SNR values in dB against the degrees of
observer. As the result of the antenna of WAP
with vertical direction (a) and adding bricks ob-
struction (c), the radiation pattern for both wire-
less router almost reach a omnidirectional pattern
which stated the ideal pattern. While WAP antenna
radiation pattern with the horizontal direction (b)
distributing the graph is not coordinated. From the
observation in an outdoor environment can be seen
form of radiation pattern. The form of radiation
pattern is influenced by the direction of its antenna
and obstacles that affects them.
For all of different conditions the SNR in dB of
the TP-Link WR340G is greater than the D-Link
DIR-600 WAP. It can be concluded that the signal
strength of TP-Link WR340G is more powerful in
the outdoor environment rather than D-Link DIR-
600. Hence, the coverage area and range of TP-
Link WR340G signal is wider than D-Link DIR-600
signal.
Figures in the table 5 represent the average re-
sults from each experiment In the outdoor environ-
ment, data is obtained by a maximum distance from
the WAP signal coverage. The maximum distance
using D-link on the outdoor environment in accor-
dance with table III , is by 400 meters while the av-
erage results of observation is 77.9 meters. There-
fore, the maximum distance from the specifications
is not fulfilled in the real world. Using a different
wireless access point that is TP-LINK also not ful-
fill practice. Because according to the specification
value is 830 meters while the average yield is 82.75
meters observation.
3.3 Faraday Cages
A similar measurement was made of Faraday Cages
test environments. The wireless routers are put into
Faraday Cages which are formed of iron wire. The
result is shown in table VI.
Figures in the table 6 above represent the av-
erages results from each experiment Measurement
using faraday cage to obtain data on TP-LINK with
the maximum distance is 26,9 meters, and the sig-
nal strength is small about 90 dBm and the receiver
can not detec the wifi signal again. While using
D-LINK with the same distance can still detect the
signal but it’s very small but the SNR bigger than
D-LINK. However, according to the based principle
of faraday cage is that the electromagnetic field or
radio signal of external origin can not get into the
cage and vice versa. Faraday cage itself made of
electrically conductive materials in which the room
was electric charge create a faraday cage made by
the channel itself. But in the experiment the signal
still can exit and enter through the cage wgich is
caused by the wavelength of the large conductive
material. Therefore, just limit the coverage of the
WAP signal only.
3.4 Analysis of Data Collections
Finally it can be seen the parameters that affect the
signal coverage of wireless access point that is the
antenna gain and transmitter power. From the re-
sult of our research, the maximum distance of WAP
is not appropriated to the data specification on the
table II and III. The measurement occurred in three
conditions. There are indoor, outdoor and faraday
cage. The result of measurement WAP in outside
room is to determine the radiation pattern. In out-
door, the measurement was made to know a pattern
of signal antenna is used in wireless access point
and covered the distance pattern of access point sig-
nal. Measurement in indoor and use faraday cage
was made to know how covered of signal can be re-
ceive. In this paper, measurement occurred inside
AL-Azhar Mosque, Kalimalang using D-LINK and
TP-LINK and two notebooks there is acer and ax-
ioo.Also we use two softwares there is Netstumbler
and WiFi Hopper. We can analyze that the different
software does not affect the signal we can measure.
But the different laptop affected the measurement
of maximum distance wireless access point signal
which can be receive a device wifi card. Because
every different laptop also has different type wifi
card inside in laptop. Furthermore, the strength of
laptop can receive different wifi signal. The gain of
antenna affects strength of coverage of WAP signal.
The gain of antenna’s D-LINK less than TP-LINK.
The length of antenna effect the range of reach sig-
nal WAP. TP-LINK signal coverage is more exten-
sive than D-LINK. The longer of antenna was made
antenna coverage of the increasingly widespread.
Therefore, the relationship of theory about antenna
and measurement are related. It can be seen the
TP-LINK is more reliable than D-LINK.
4 Conclusions
A research of signal strength with two different
WAP was done. Three test environments scheme
was taken, such as Indoor Area, Outdoor Area, and
Faraday Cages. For our entire test environments
scheme the TP-Link WR340G has a wider the cov-
erage area and the range of wireless signal rather
than D-Link Dir-600. This can be seen in the figure
resulting radiation pattern based on the research
that we are doing. We conclude that the signal
strength of TP-Link WR340G is more powerful than
D-Link DIR-600. This result appropriated to data
specification from the gain of antenna. The gain an-
tenna of TP-Link WR340G has slightly greater than
D-Link DIR-600 about 1 dBi. Therefore, the gain of
antenna was influenced performance of a wireless
router. From the result of our research the maxi-
mum distance of WAP is not appropriated on the
data specification that was shown in table II and ta-
ble III. This may affected attenuation of signal by
concretes wall in the surrounding area. The mea-
surement and comparison result can be concluding
that the signal coverage of wireless access points
is influenced by several parameters. The parame-
ters affecting was the antenna gain, the environ-
ment, obstacles and transmitter power. Maximum
distance from TP-LINK and D-LINK to the WAP is in-
fluenced also by the tools of every laptop wifi card.
This can be seen in Table II that the Acer is better
than the Axioo. This is because Acer has a wifi card
that its transmit power of comprehension is better
than the wifi card on Axioo.
5 Future Work
From the observation is known that one of the max-
imum distance is influenced by the wifi card, wifi
card is used to serves as a transmitter and receiver.
In this experiment we did not separate each the
two functions. For the future suggested an experi-
ment conducted by measuring the strength of each
of these functions
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